Estimating mass balance for inhaled drugs in humans: an example with a VLA-4 antagonist, IVL745.
IVL745 is an inhaled VLA-4 antagonist developed for the treatment of asthma. Following inhalation (Inh), a fraction of the drug is deposited in the oropharynx, and the rest is deposited in the lungs. For inhaled drugs, it is technically and ethically difficult to formulate and administer radiolabeled drugs. Hence, if the drug is metabolically stable in the lungs, mass balance and metabolism of inhaled drugs, such as IVL745, can be determined by administering radiolabeled intravenous (IV) and oral drugs and by comparing with the data following Inh administration. The study was a three-period crossover design in 6 healthy subjects to evaluate the absorption, distribution, metabolism, and elimination following IV and oral administration of (14)C-IVL745 (4 mg/50 microCi) and inhaled (10-mg) dose. Serial sampling of blood and excreta was performed maximally up to 168 hours postdose. Plasma IVL745 concentrations were determined using a liquid chromatography tandem mass spectrometry (LC/MS/MS) method with a minimum quantifiable limit of 10 pg/mL. Overall, the drug was safe and well tolerated. The recovery of the radioactive dose varied from 94.8% to 117% for both IV and oral administration. Following IV administration, 90.2% of the radioactive dose was recovered in the feces, suggesting extensive biliary excretion of the drug. After oral administration, 99.7% of the radioactivity was recovered in the feces, and no radioactivity was detected in plasma, suggesting lack of absorption of the drug. Negligible (14)C-radioactivity concentrations were observed in the red blood cell fractions. The mean t(1/2) values were 1.6, 1.5, and 4.4 hours following IV, oral, and Inh administration, respectively. The oral bioavailability of IVL745 was low (< 2%), and the inhaled bioavailability was 26%. The volume of distribution at steady state (V(ss)) was low (19.0 L). The predicted blood clearance of IVL745 was 86 L/h, which was comparable to the commonly used liver blood flow value of 90 L/h. Only a minor fraction of the dose was excreted in the urine with low to moderate renal clearance. The parent drug accounted for 77% to 89% of the dosed radioactivity in excreta. Two major metabolites observed in excreta were mono-o-desmethyl IVL745 and di-o-desmethyl IVL745. The data showed that the drug had negligible oral bioavailability, low oral absorption, 26% inhaled bioavailability, low extent of metabolism, high biliary excretion, and low renal clearance. This knowledge may aid in the prediction of potentially relevant drug-drug interactions and dosing adjustments in high-risk populations for IVL745.